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:Applications This application clains the benefit of United States 2005
Provi sional 10 Application Nunber 60/229,569, filed August 30, 2000, and
United States Provisional Application Nunber 60/ 250,647, filed Decenber

1, 2000. Field of the Invention 15 The present invention relates generally

to disc drives. Mire particularly, the present invention relates to

pivots for use with disc drive actuators. Background of the Invention 20

A typical magnetic disc drive includes ole or nore read/wite heads for
reading data fromor witing data to one or nore discs nounted on a

spi ndl e tor. T S i I ric tracks on the
osc suptaces. DrrorArPESIORTETIGE DRCHKINE AcmaTaR.
positioned at 25 selected radial l|ocations while the discs are rotated by
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voi ce coil nmotor which provides the torque for rotating the actuator
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t he act @t OtApphCEHEEIN%BEr 6@/229,569, filed August 30, 2000, and United States
Provisional Application Number 60/250,647, filed December 1, 2000.

Field of the Invention

15 The present invention relates generally to disc drives. More

particularly, the present invention relates to pivots for use with disc drive

actuators.

Background of the Invention
20
A typical magnetic disc drive includes one or more read/write heads
for reading data from or writing data to one or more discs mounted on a
spindle motor. The data is stored in generally concentric tracks on the disc
surfaces. During drive operations, the read/write heads are positioned at
25  selected radial locations while the discs are rotated by the spindle motor.
Rotary actuators are often employed to carry the read/write heads to the
desired locations. The actuator is coupled to a voice coil motor which
provides the torque for rotating the actuator about its pivot. Ball bearing
| pivots are typically chosen for their compactness. However, ball bearings
30 operate with some degree of pre-load and friction, which can lead to non-

linearity in the movement of the actuator.



5 Flexural pivots appear to offer a feasible alternative to ball bearing
-pivots in that there is no stiction and that the resol ution of posi;&&g@na
can be essentially a function of the servo control system Attenpf e 2005
been nade in the past to incorporate flexural pivots into disc drives,

such as the pivot systens described in the United States patent nunber
5,504,641, issued to Diel 10 on April 2,1996, and the United States patent
nunber 5, 029, 030, issued to Luecke on July 2,1991. However, these designs
include large, unwieldy springs which a4 unsuitable in nodern disc

drives where size is an inportant consideration. Ceneral purpose flexural
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cartridges while being suitabl use 1 n no
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wth rotary disc drive actuators. According to a preferred enbodi nent,

the pivot céprings whicharstunsuitablejindnedersedise drizes wiere/siaé i dreirmpottandr .

The pivot incl u&les .a first nenber that is coupled to the cavity wall and
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a second nehBEY
General purpose flexural pivots have also been designed, such as those

15 of the type described in United States patent number 3,811,665, issued to
Seelig on May 21, 1974. In such flexural pivots, two flat springs are assembled
so that a solid center of one spring is disposed within an open center of the
other spring. The springs are coupled at their longitudinal edges to undercut
slots inside a circular sleeve. Such flexural pivots can be difficult to assemble,

20  however, and no pivots of this type have been successfully incorporated into
disc drives. There remains therefore a need for an improved flexural pivot for
use with a rotary actuator, one which eliminates the problems associated with
conventional ball bearing cartridges while being suitable for use in modern
disc drives.

25

Summary of the Invention

The present invention relates to flexural pivots for use with rotary disc
drive actuators. According to a preferred embodiment, the pivot can be
30 substantially disposed in a cavity of the actuator. The pivot includes a first

member that is coupled to the cavity wall and a second member that is



3 FEB 2005 -3 5 nounted to a disc drive housi ng conponent of the disc

drive. At least two |eaves join the first nenber to the second nenher.

Each of the | eaves extend fromat |east one external surface of the~ 3 FEB 2005
menber. The | eaves are transversely disposed relative to one another. In

one enbodi nent, the cavity is configured with two end walls that 10

define a recess in slidable engagenent with the second nenber. The two end
walls serve to Iimt the rotation of the actuator by com ng into abutnment

with the second member. In another embodinent, the cavity further

includes a first recess shaped to locate the first nmenber. Preferably,

two washers_are,secur 0 each leaf such that the two washers are spaced
apart b;§ a gg)ﬁ@t‘a‘?g? 3?@%‘: C?%Ye ﬁgu%pg Cf’ﬂ'é’qnéa‘{/@&heﬂhi‘b@HVﬁgAt eagt pref er r ed
enbodi nent . ' f DI ' epgral |l y coi ncjdent al
with the celne{agresfcz))?ﬂ trtrlgésfsf&fct)fﬁ ﬁgéljatg? Egtsgcrm I a\s%g'aﬁgckggf ﬁ‘c?ﬂsa%%ﬁf’éﬁtﬂ% at ur es
as wel | as frowaatlegstonshixebrnaheidisdeastithe nibar q&@lba¢&Vﬁe%£Bv§éshi be
apparent upon reading of the follow ng detailed description an ré’vi ew of
t he associ aflisposechvglatice toooneanethebescription of the Drawings FIG 1 is a

perspective view of a disqg.drive in which ope enbodi mnent of the present
i nvention is i npreRBhtEFe ggexpt,&xeczaqugr i3 cpptigpresh Witk twiosscbwallp thatt uat or

accor di t : ' . sent, inventipn. . FIG ,3 is a
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the second member. In another embodiment, the cavity further includes a first

- recess shaped to locate the first member. Preferably, two washers are secured
to each leaf such that the two washers are spaced apart by a same distance for
15  all the leaves. According to a preferred embodiment, the center of rotation of
the pivot is generally coincidental with the center of mass of the actuator.
These and various other features as well as advantages which
characterize the present invention will be apparent upon reading of the
following detailed description and review of the associated drawings.

20

Brief Description of the Drawings

FIG.1 is a perspective view of a disc drive in which one embodiment of
the present invention is implemented.
25 FIG. 2 is a perspective view of an actuator according to a preferred
embodiment of the present invention.
FIG. 3 is a perspective view of the flexural pivot of FIG. 2.
FIG. 4 is a perspective view of an alternative embodiment of the
flexural pivot. |
30 FIG. 5 shows the flexural pivot of FIG. 4 incorporating the use of

washers.



30 FIG 5 shows the flexural pivot of FIG 4 incorporating the use. of
washers. 3 FEB 2005 -4 5 FIG 6 is a perspective view of an enbodimre}ntFEB 2005
having two | eaves. FIG 7 is a perspective view of an alternative

enbodi nent with endplates. FIG 8 shows the flexural pivot of FIG 7 in
assenbly with clanps. FIG 9 illustrates alternative shapes for the first
menber and second 10 nenber of a flexural pivot according to the present
invention. FIG 10 is a perspective view of a flexural pivot according to

an alternative enbodi nent of the pr eserft- i nvention. Detailed Descri ption

15 Referring nowto FIG 1, there is illustrated a disc drive (10) with a

nunber of discs ) spindle (14). b disc clanp (16). The
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FIG. 10 is a perspective view of a flexural pivot according to an

alternative embodiment of the present invention.

Detailed Description
15
Referring now to FIG. 1, there is illustrated a disc drive (10) with a
number of discs (12) secured to a spindle (14) by a disc clamp (16). The discs
(12) are formatted for storing data in circular tracks. Read/write heads (18),
supported at the tip of each actuator arm (20), are provided to read and record

20  data to the discs (12). The actuator arms (20) extend transversely from an
actuator body (22) of an actuator (24) that is configured for rotational
movement about an axis (26) such that the read/write heads (18) can be
positioned at the desired radial location and can thus read/write to the
selected track.

25 The actuator (24) is coupled to a voice coil motor (28) which includes a
magnet (30) secured to a disc drive housing. The housing of the disc drive
shown in FIG. 1 has a base (32) and a cover (34) which when in assembly with
a gasket (36) provide a sealed environment for the various disc drive
components mounted therein. The present invention, however, is not limited

30 todisc drives of such configurations and can be applied to disc drives with

other housing structures.



a gasket (36) provide a sealed environnent for the various disc drive

. conponents nounted therein. The present invention, however, is not "|3rﬁEBE(Z005
30 to disc drives of such configurations and can be applied to disc drives
with other housing structures. 3 FEB 2005 -5 5 Fromthe actuator body

(22), support arns (38) extend to hold a coil (40) adjacent to the magnet
(30). The support arnms (38) are disposed dianetrically opposite the
actuator arnms (20), to provide a center of mass at the actuator body.

When the coil (40) is energized, resul t&nt torque acting on the actuator
causes the actuator (24) to rotate relative to the base (32) of the 10

disc drigve. Disc | ntrol, cirgitr st which,is enbodied in a
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According tQ an enbodi nent _of the present Invention, there is provided a

flexural pithsractuspr bady d&herdhe soil (40) dnienjergizederesbltent tarque acting ohhe
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The actuator body (22) is provided with a cavity (44) extending along

15 the axis of rotation (26). According to an embodiment of the present
invention, there is provided a flexural pivot (46) inside the cavity (44) to
enable rotation of the actuator (24) in a transverse plane, as is illustrated in
FIG. 2. A preferred embodiment of the pivot (46) is shown in greater detail in
FIG. 3. The pivot (46) includes a first member (48) with two external inclined

20  surfaces (50) inclined towards a virtual center of rotation of the pivot. The
inclined surfaces (50) are separated by a third surface (54) that is configured to
abut the wall (56) defining the cavity (44). The first member (48) is secured to
the actuator body (22) by a transversely located set screw threadably engaged
to the actuator body (22) and the first member (48).

25 The pivot (46) further includes a second member (58) also having two
external inclined surfaces (60) inclined towards the center of rotation of the
pivot. These inclined surfaces (60) need not have the same angle of separation
as the inclined surfaces (50)' of the first member. The second member (58) is
configured with mounting features (62) for mounting to the base (32) or to the

30 cover (34) of the disc drive. For example, the second member (58) can be

secured by the use of a set screw that engages an axial tapped hole (63) in the



25 The pivot (46) further includes a second nenber (58) also having two
external inclined surfaces (60) inclined towards the center of rotat§drE®2005
the pivot. These inclined surfaces (60) need not have the sane angl e of
separation as the inclined surfaces (50) of the first nenber. The second
menber (58) is configured with nmounting features (62) for nounting to the
base (32) or to the 30 cover (34) of the disc drive. For exanple, the

second nmenber (58) can be secured by the use of a set screw that engages

an axial tapped hole (63) in the - 3 FEEP-2005 -6 5 second nember and a
simlarly tapped hole in the base (32) or the cover (34) of the disc
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di fferent egqui nments to obtain a different torsional stiffness.

Accor di ng t SHRRENEIFSES hesin fremialierpatedeelinadranafacenaf thetfirspmentbera6) i s
§8| T gr g?gcggné Ta%?%'iaftg e Su e Sf't élsecc%lnddﬁgrcn%ae;.g%hg%gr?tleg of 0 of a
rotation of the pivot is generally at the point where the leaves (64) intersect,

15  which is preferably designed to be near to, or to coincide with, the center of
mass of the actuator. The angle of separaﬁon 65 of the adjacent leaves, in the
relaxed state of the pivot, may be varied in different embodiments to obtain a
different torsional stiffness.

According to one embodiment of the present invention, the pivot (46) is

20  formed as a monolithic unit by electrical discharge machining of a solid piece
of metal.

According to another embodiment as shown in FIG. 4 , the leaves (64)
are separate thin flat strips of steel which are coupled by fasteners (66) to the
first member (48) and second member (58) at their respective ends (68, 69).

25  Fasteners such as screws can be used. Preferably, rectangular washers (70) are
inserted between the leaves (64) and the fasteners (66) so that the flexure
lengths of the leaves are more or less the same, being kept to the distance
between the edges (71, 72) of the respective inclined surfaces (50, 60). One
example of this is illustrated in FIG. 5.



Accordi ng to anot her enbodi nent as shown in FIG 4, the | eaves (64) &EB
~separate thin flat strips of steel which are coupled by fasteners Gééf o 2005
the first nmenber (48) and second nmenber (58) at their respective ends

(68, 69). 25 Fasteners such as screws can be used. Preferably, rectangul ar
washers (70) are inserted between the |eaves (64) and the fasteners (66)

so that the flexure lengths of the |leaves are nore or |less the sane,

bei ng kept to the distance between the edges (71, 72) of the respective

i nclined surfaces (50, 60). One exanple-of this is illustrated in FIG 5.

3 FEB 2005 -7 5 Referring to FIG 6 for an alternative enbodi nent, the

I ' d 73), at both ends (68, 69) for attachnent
to the whol o | enbEIFTENE RIS EEai 41saNeAEL PrBEIDFMatie lesees @mayin yer
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preferably diseduivehausing sampenerys by$astendd or adhksived. i Gpatdieefis r st menber
(48). As ecgr%%i&gcf ggtswe(e%A't eré%)c/ip?a{tgso arllocf ther gr;/(isd(gg) of the first member so as
not to hinder the movement of the first member. Clamps (76) can be added, if
15 so desired, to facilitate mounting to the respective disc drive housing
component (32, 34). In the example shown in FIG. 8, a screw (78) is used to
close the gap (80) between the ends of the clamp, and thereby secures the
clamp to the endplates. |
Referring back to FIG. 2, the cavity preferably includes a first recess (82)
20  for locating the first member (48). A second recess (84) may also be provided
such that end walls (86) of the second recess act as limit stops when the second
member (58) comes into abutment with the respective end walls (86) in the
course of its rotation.
The first member 48 and the second member 58 need not have arcuate
25  cross-sections to complement the shape of the cavity 44. Different shapes may
be chosen, and possible alternative shapes are illustrated in FIG. 9 for
exemplary purposes only.
Referring to FIG. 10, another embodiment of the present invention is
shown. A pivot (46) of this embodiment can be easily fitted within the cavity
30  (44) of the actuator (24) with the first member (48) attached to the wall (56) of

the cavity. The second member (58) can be similarly provided with features



such that end walls (86) of the second recess act as limt stops waej EgE{ 2005
second nmenber (58) comes into abutnent with the respective end walls (86)
in the course of its rotation. The first nenber 48 and the second nemnber

58 need not have arcuate 25 cross-sections to conplenent the shape of the
cavity 44. Different shapes may be chosen, and possible alternative

shapes are illustrated in FIG 9 for exenplary purposes only. Referring to
FI G 10, another enbodi nent of the present invention is shown. A pivot

(46) of this enbodi nent can be easily fi8ted within the cavity 30 (44) of
the actuator (24) wth the first nenber (48) attached to the wall (56) of

the cavity. ,The.secqnd nenber (58 an be simlarly provided with features
3 FEB 2005 (%O%Wﬁﬂﬁr}gﬁwtﬂ&mr%ﬁi‘PPﬁ’@lgtC@mP@%@Ch@S%EWaY%Ch as
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conventional flexural pivots that are located o e actuator

the present a¢twaborsitaditionallyddesigneabforase vﬁﬂva&)allﬂﬁhringqﬁvblecamutg@ dn

substantial !agditinon{j1 itcefav\giég th%fditff?cilteilgg grilac%%rnte?'gg yscléglge;tig;altc{gigns when
trying to assemble intersecting flat springs within a cylindrical sleeve.

15  Furthermore, in comparison with conventional flexural pivots that are located
outside the actuator body, the present invention provides a compact pivot that
can be mounted substantially in a cavity of the actuator body such that the
center of rotation of the actuator is located nearer the center of mass.

Alternatively, embodiments of the present invention may be described

20 asfollows:

In a first contemplated embodiment, a pivot (such as 46) can be
substantially disposed in a cavity (44) that is defined by a wall (56) of an
actuator (24). The pivot (46) includes a first member (48) that is coupled to the
wall (56) and a second member (58) that has mounting features (such as 62, 63)

25  for mounting to a disc drive housing component (such as 32, 34) of the disc
drive (10). The first member (48) has at least one first external surface (50).
The pivot includes at least two leaves (64) transversely disposed at an angle
(65) to one another, where each of the leaf (64) joins one of the first external
surfaces (50) to the second member (58) such that the actuator (24) is pivotable

30  with respect to the disc drive housing component (such as 32, 34) about an

axis (26).



center of rotation of the actuator is |ocated nearer the center of _S?S@B
Al ternatively, enbodinents of the present invention nmay be descri be 2005
as follows: In a first contenpl ated enbodi nent, a pivot (such as 46) can

be substantially disposed in a cavity (44) that is defined by a wall (56)

of an actuator (24). The pivot (46) includes a first nenber (48) that is
coupled to the wall (56) and a second nenber (58) that has nounting
features (such as 62, 63) 25 for nounti n% to a disc drive housing

conponent (such as 32, 34) of the disc "Qrive (10). The first menber (48)
has at | east one first external surface (50). The pivot includes at |east
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(64) such t hath leaf(G)wudmtiat the (W0 washersypolcad sppead afurt by sasaene di st ance
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mass of the actuator (24). Preferably, each of the first external surfaces (50) is
15  inclined towards the center of rotation. In an alternative embodiment, the
second member (58) may include second mounting features (62) for mounting
to a second disc drive housing component (such as 32, 34).
It is to be understood that even though numerous characteristics and
advantages of various embodiments of the present invention have been set -
20 forth in the foregoing description, together with details of the structure and
function of various embodiments of the invention, this disclosure is
illustrative only, and changes may be made in detail, especially in matters of
structure and arrangement of parts without departing from the scope and
spirit of the present invention. |
25



15 inclined towards the center of rotation. In an alternative enbodi nent,
the second nenber (58) may include second nounting features (62) # FEB zmm
nmounting to a second disc drive housing conmponent (such as 32, 34). It

to be understood that even though nunﬁious characteristics and advantages
of various enbodi mrents of the present 1 nvention have been set 20 forth in
the foregoing description, together with details of the structure and
function of various enbodi nents of {kimMsnvention, this disclosure is
illustrative only, and changes nmay be nade in detail, especially in
matters of structure and arrangenent of parts w thout departing fromthe
scope and spirit of the present invention. 25 - 3 FEB 2005 -10 C ai ns
What i s Whatisethimedisd 1. A disc drive conprising: a housing having a first
conponent; an actuator having a cavity; and a pivot conprising: a first
menber and coupled to the actuator, the first nenber having 10 at |east
one external surface; a second nenber nounted to the first housing

conpgnent ; lanﬁd?stc dhggg%mhféﬁgéeaves each | eaf joining one of the external
he

surfaces to secon wherein the | eaves are transversely

di sposed at an a%e fo.,one anpother such that the actuator is pivotable
with respect to t HENOWHEhIVOEAJISFOmPoRsNtaxi 5.

an actuator having a cavity; and
a pivot comprising:

a first member and coupled to the actuator, the first member having

10 - at least one external surface;

a second member mounted to the first housing component; and

at least two leaves, each leaf joining one of the external surfaces to
the second member, wherein the leaves are transversely disposed at an
angle to one another such that the actuator is pivotable with respect to the

15 housing about an axis.

2. The disc drive of claim 1 in which the cavity further comprises:
two end walls defining a recess in slidable engagement with the second
20 member, the two end walls serving to limit rotation of the actuator by coming into

abutment with the second member.



2. The disc drive of claiml in which the cavity further conprises: two
end wal | s defining a recess in slidable engagement with the second- % FEB 2005
menber, the two end walls serving to limt rotation of the actuatolr Dy
comng into abutnment with the second nenber. 3 FEB 2005 -11- 3. The disc
drive of claim1 in which the cavity‘#]uTther conprises: a first recess
shaped to |ocate the first menber. 5 4. The disc drive of claim1 of
further comrpr s ¢isc drivesnficlaimysl inaehieh thesavityfurther ecanprisesie of t he | eaves,
t he washers of each pair being spaced apart by substantially a sane
di stance. 10 5. Thefiti scesirshapedab lachwithe first mewtbech t he pivot has a center
of rotation generally conincident wwth a center of mass of the actuator.
6. The disc drive of claim5 in which each of the external surfaces is
inclined 15 towards the center of rotation. 7. The disc drive of claim1,
t he housing further conprising: a second conponent, the second nenber
bei ng coupled to the second 20 housing conmponent. 8. An actuator
confizgur ed ,f rot at i onal . nmovenent. about .an axis, conprising: 3 FEB 2005 5
10 - T2- antac lheacﬁ%)crarbvdgcfﬂ?é’\l)‘i]n Urthel COPPTISfEY o' pivot conprising: a first
menber coupled to the actuator;

a pair of washer secured to each one of the leaves, the washers of each

pair being spaced apart by substantially a same distance.

10 5. The disc drive of claim 1 in which the pivot has a center of rotation generally

conincident with a center of mass of the actuator.

6. The disc drive of claim 5 in which each of the external surfaces is inclined

15 towards the center of rotation.

7. The disc drive of claim 1, the housing further comprising:
a second component, the second member being coupled to the second

20 housing component.

8. An actuator configured for rotational movement about an axis, comprising;



a second nmenber positioned within the cavity and configured to be nounted
to a housing; and at |east two | eaves, each |eaf joining the fi rst_ripjzg]

to the second nenber, wherein the | eaves are transversely di sposed 2005
angle to one another such that the actuator is configured to be pivotable
with respect to the housing about theaxis. 9. The actuator of claim8 in
whi ch the cavity further conprises: two end walls defining a recess in

sl i dabl e engagenmerin agtuafpribedy bavingd cavitiybed , the two end wal l's serving to
limt rotation of the actuator by coming into 15 abutment with the second
menber. 10. The act pisotomomyfrisiigai m 8 i n which the cavity further conprises:

a first recess shaped to |ocate the first nenber. 20 11. The actuator of

claim8 further comprisifit mbiBeMRBRRl 1§ 8RUERRIGO each one of the | eaves,
the two washers being 3 FEB 2005 -13 spaced apart by a sane di stance for

Center of 1ot aiion gener a7 oebfpeliBhed Hih BELERy i Brigied foa 10 °

actugtor. 13. The act "t'acé\g of claim 12 in which each of the external
surfaces is incli fBSPTEQAOUSHE Bt er of rotation. 10 14. The actuator

of claim8 in which the second nenber is configured to be nounted to first
and second housi ng comfbifdsitwo leaves, each leaf joining the first member to the second

member, wherein the leaves are transversely disposed at an angle to one
another such that the actuator is configured to be pivotable with respect to

the housing about the axis.

10
9. The actuator of claim 8 in which the cavity further comprises:
two end walls defining a recess in slidable engagement with the second
member, the two end walls serving to limit rotation of the actuator by coming into
15 abutment with the second member.
10. The actuator of claim 8 in which the cavity further comprises:
a first recess shaped to locate the first member.
20

11. The actuator of claim 8 further comprising:

two washer secured to each one of the leaves, the two washers being



FLEXURAL PI VOT FOR ROTARY DI SC DRI VE ACTUATOR Abstract of the Disclosure
The present invention provides for a flexural pivot that can be fhtte%
within a cavity of an actuator. The pivot includes a first nenber THh E@amm5
be coupled to the wall defining the cgvity and a second nenber that can be
nounted to the disc drive housing cdhﬁ%ﬁent of the disc drive. At |east
two |eaves join external surfaces of the first nenber to the second
menber. The ~SPResdapartibyasamesistace forallthe legxes al pi vot that can be easily
incorporated with rotary actuators traditionally designed for use with a
bal | bearing pivot cartridge. In addition, it avoids the difficulties
encountered by conventional designs when trying to assenble intersecting
flat springs within a cylindrical sleeve. Furthernore, in conparison with
conventional flexural pivots that are |ocated outside the actuator body,

5P T A S 5 TR AR B R

substantially in a cavity of the actuato su
rotagion of tc'&%c?cfé“’%tﬂra c'en?te%g r%gses%f thetc urat(;[r.h e center of mass.

13. The actuator of claim 12 in which each of the external surfaces is inclined towards
the center of rotation.

10

14. The actuator of claim 8 in which the second member is configured to be mounted

to first and second housing components.





